X-ray Raman scattering provides evidence for interfacial acetonitrile-water dipole interactions in aqueous solutions J. Chem. Phys. 135, 164509 (2011) Raman scattering of 4-aminobenzenethiol sandwiched between Ag nanoparticle and macroscopically smooth Au substrate: Effects of size of Ag nanoparticles and the excitation wavelength J. Chem. Phys. 135, 124705 (2011) High spectral resolution, real-time, Raman spectroscopy in shock compression experiments Rev. Sci. Instrum. 82, 083109 (2011) Electrical properties and non-volatile memory effect of the [Fe(HB(pz) Poly(ester amide)s (PEAs) are lacking in structural and spectroscopic information. This paper reports a structural and spectroscopic characterization of N α -benzoyl-L-argininate ethyl ester chloride (BAEEH + · Cl − ), an important amino acid derivative and an adequate PEAs' model compound. Crystals of BAEEH + · Cl − obtained by slow evaporation in an ethanol/water mixture were studied by different complementary techniques. X-ray analysis shows that BAEEH + · Cl − crystallizes in the chiral space group P2 1 . There are two symmetry independent cations (and anions) in the unit cell. The two cations have different conformations: in one of them, the angle between the least-squares planes of the phenyl ring and the guanidyl group is 5.1 (2) o , and in the other the corresponding angle is 13.3 (2) o . There is an extensive network of H-bonds that assembles the ions in layers parallel to the ab plane. Experimental FT-IR and Raman spectra of BAEEH + · Cl − were recorded at room temperature in the 3750-600 cm −1 and 3380-100 cm −1 regions, respectively, and fully assigned. Both structural and spectroscopic analysis were supported by quantum chemistry calculations based on different models (in vacuo and solid-state DFT simulations).
I. INTRODUCTION
Poly(ester amide)s (PEAs), containing both ester and amide linkages in their structure, have been considered an important group of polymers in biomedical/pharmaceutical field. These materials combine in the same entity the better characteristics of polyamides (enhanced thermal and mechanical properties due to the establishment of strong H-bonds between the amide groups) and polyesters (high degradability). 1, 2 Those composed by α-hydroxy acids and α-amino acids (commonly named polydepsipetides) are very popular. 3 The presence of α-amino acids in the structure of PEAs opens the possibility of degradation of these materials under enzymatic conditions, thus increasing their biodegradability. 4 Although being materials of outstanding importance, there is a lack of information on the structural and spectroscopic properties of PEAs, probably due to the complexity of their long repeating unit. 1, 5 Studies performed on PEAs derived from glycine, diols, and dicarboxylic acids revealed that their structural characteristics are a mix of those of polyamides and polyesters, showing the ability of establishing intermolecular H-bonds along a single direction. 1, 6 Because of the reasons mentioned here for the scarcity of structural and spectroscopic data on PEAs, it seems to be esa) Author to whom correspondence should be addressed. Electronic mail:
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sential to perform studies on model compounds in order to get new insights about more complex systems. The model compound considered in this investigation is N α -benzoyl-Largininate ethyl ester chloride (BAEEH + · Cl − ; Scheme 1). BAEEH + · Cl − was studied recently in gas phase and in solution. 7 The condensed (solid) state of BAEEH + · Cl − was chosen as subject of the present study. This was targeted at new structural and spectroscopic data, assessed both experimentally and theoretically. The experimental work was accomplished by means of x-ray analysis and vibrational (IR and Raman) spectroscopy, whereas the theoretical approach was based on molecular modeling and simulation. Quantum chemical calculations are a fundamental support in the assignment of spectroscopic data. However, in order to be reliable in such assignments when dealing with SCHEME 1. solid state data, there are some issues that should be tackled. Considering the N = 46 atoms in each BAEEH + · Cl − entity and Z molecules present in the unit cell, a total of 138 × Z-3 normal vibrational modes [i.e., (3 × 46-6) × Z = 528 internal and 6 × Z-3 = 21 external modes] are expected. This raises the question of knowing wheather the calculated vibrational spectrum for the isolated BAEEH + cation in vacuo is sufficient to the normal mode assignments. In fact, the observed frequencies are perturbed by a crystalline force field, which is not accounted in the isolated-molecule calculations (not to mention the effects of neglecting anharmonicity). The same applies to specific kind of interactions within the crystal, the intermolecular H-bonding interactions being a notable example. It is of interest to integrate these topics with structural data.
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As far as x-ray diffraction analysis is concerned, the uncertainty in locating the hydrogen atom positions and/or the difficulty in solving crystal structures exhibiting local disorders are well known problems. The resort to quantum chemical calculations is also a possible strategy toward the necessary corrections, 8 but the reliability of this approach depends on the quality of the theoretical model. Again, the results of calculations performed on an isolated molecule in vacuo must be cautiously taken if important environmental interactions actually exist within the crystal, such as H-bonding, torsions, and/or other crystal packing effects. Furthermore, in virtue of the different environments experienced by a molecule in vacuo and in the crystal, their possible conformations, and thus their minimum energy geometries, can contrast each other to a greater or lesser extent.
In order to evaluate the pertinence of these issues when applied to the title compound, the theoretical approach was extended to calculations based on a BAEEH + (H 2 O) 5 supermolecular structure and a solid-state model under periodic boundary conditions (PBC). The calculated data, integrated with and complementary to the experimental data, has provided a comprehensive structural and spectroscopic characterization of crystalline BAEEH + · Cl − . X-ray data were collected on a Bruker APEX II-CCD diffractometer, using a colorless block-shaped crystal with dimensions 0.15 × 0.13 × 0.08 mm. The crystallographic structure was solved by direct methods using SHELXS-97. Refinements were carried out with the SHELXL-97 package. 9 All refinements were made by full-matrix least-squares on F 2 . Anisotropic displacement parameters were used for all nonhydrogen atoms with exception of those in the terminal ethyl group. In both molecules, the ethyl group is disordered over two positions with 40/60 refined occupancies. Hydrogen atoms were refined using a riding model. X-ray data confirmed the expected stereochemistry; the Flack parameter refined down to 0.07 (9) . 10 The fractional atomic coordinates and equivalent isotropic displacement parameters and other supplementary data have been deposited at the Cambridge Crystallographic Data Center (CCDC 796634).
II. MATERIALS AND METHODS

A. Experimental details
The room-temperature IR spectrum (3750-600 cm −1 ) of solid polycrystalline BAEEH + · Cl − in a KBr pellet was obtained using a Bomem (MB104) Fourier transform spectrometer equipped with a deuterated triglycine sulphide detector and Zn/Se optics. Data collection was performed with 4 cm −1 spectral resolution and 128 scans.
The room-temperature Raman spectrum (3380-100 cm −1 ) of solid polycrystalline BAEEH + · Cl − pressed in a pellet (neat solid) was obtained using a dispersive Raman instrument, model DXR SmartRamanTM spectrometer from Thermo Fisher Scientific Inc., equipped with a low-power, externally stabilized diode laser, 780 nm wavelength, with a power at output of laser head of 13 mW. The calibration of the instrument is performed once weekly with the patented autoalignment and automated calibration device. Data collection was performed with an exposure time to laser radiation of 15 s, 10 sample exposures and a slit aperture of 25 μm. Fluorescence correction was performed using a polynomial of fifth degree.
B. Computational details
The theoretical study was accomplished by using three models: (i) an isolated BAEEH + molecule in vacuo (for simplicity hereafter referred as model M.I); (ii) a BAEEH + (H 2 O) 5 complex in vacuo (model M.II) to simulate H-bonding interactions; (iii) a solid-state model (model M.III) under Periodic Boundary Conditions (PBC), to account for other possible packing effects not predicted by the above referred models in vacuo. These theoretical models were established from the crystallographic data obtained in the present study (see Fig. 1 ).
The calculations in vacuo were performed with the GAUSSIAN03 package 11 at the density functional theory (DFT) (Ref. 12) level of approximation, using the Becke style 3-parameter with the Lee-Yang-Parr correlation functional (B3LYP) (Refs. 13 and 14) , and the 6-31++G(d,p) (Ref. 11) Pople-type basis set. For each model, the molecular geometries were fully optimized by the force gradient method using the Berny algorithm. 15 In all cases, the nature of the stationary points was confirmed by vibrational frequency calculations. The B3LYP/6-31++G(d,p) wavenumbers reported in this study were scaled by a factor of 0.965.
The BAEEH + · Cl − crystalline phase was investigated theoretically within a plane-wave-based DFT framework under PBC. For this purpose, the Car-Parrinello Molecular Dymamics (CPMD) code 16 with Goedeckertype pseudopotentials 17 and the BLYP exchange-correlation functional 13 were used. The initial structures were taken from the x-ray diffraction data. Different plane-wave cutoffs were tested for checking convergence. The CPMD results presented henceforth correspond to a plane-wave cutoff of 160 Ry and I. X-ray and calculated (PBC geometry optimization) data on the hydrogen-bonding related geometric parameters in the crystal of BAEEH + · Cl − (D: donor; A: acceptor). See Fig. 2 for atom numbering. atomic units. An average position of the ethyl group (which exhibits a disordered over two positions; see below) was considered for calculation purposes.
III. RESULTS AND DISCUSSION
A. X-ray crystallography Figure 2 shows the ORTEP diagram of BAEEH + · Cl − determined by x-ray diffraction. Table I summarizes the threedimensional hydrogen bonding network crystallographic parameters of the title compound.
The BAEEH + · Cl − crystal was found to be monoclinic (space group: P2 1 ), with four molecules in the unit cell (two of them are symmetry-independent), whose volume is 1851.7(2) Å 3 and lattice constants are as follows: a = 11.9236(8), b = 10.3583 (6) , and c = 15.8540(10) Å, and β = 108.976(4)
• , at ambient conditions. As expected, the imine (=N−H) group of the guanidyl moiety is protonated in both cations, as shown by the C−N distances of -NH 2 amine groups: 1.305(4) Å for C15−N16, 1.332(4) Å for C15−N21, 1.314(4) Å for C37−N38, and 1.315(4) Å for C37−N43 (see Fig. 2 for atom labeling). The symmetry independent cations show different conformations. In one cation the C15-N14-C13-C12 torsion angle is 172. 4(3) o while in the other is 101.3 (4) o , here labeled as cations A and B, respectively (see Fig. 2 for atom labeling). The angle between the least-squares planes of the phenyl ring and the planar guanidyl group is 5.1 (2) o for A and 13.3 (2) o for B. Both cations display unambiguous S configurations at their chiral centres (C10 and C32). The ethyl group of both molecules is disordered over two sites (see Fig. 2 ).
There is an extensive network of H-bonds that exhausts the cations donor capacity (Fig. 3) . The H-bonds assemble the ions in layers parallel to the ab plane (Fig. 4) . The experimental x-ray data suggests that weak intramolecular H-bonds may also be formed in BAEEH + · Cl − , as it can be checked in Table I . The results summarized in Table I also show that the CH and NH bond lengths computed from the solid-state model are substantially longer than the values given by the xray analysis (a similar trend was obtained by the other models; see below). This discrepancy is an expected result of the uncertainty in locating the hydrogen atoms by x-ray diffraction, as well as a consequence of the riding model used in the structural refinement.
The two symmetry independent cations (A and B) previously described are thus under the influence of two quite strong types of crystal packing factors, i.e., intermolecular H-bonds and ionic interactions. In fact, both solid state conformers were taken into account in the theoretical calculations as input geometries for the isolated-molecule optimizations performed in vacuo, and both structures exhibited noticeable changes along the geometry optimization. optimized structure was found to be ∼19 kJ mol −1 more stable (total energies corrected by zero-point energy) than cation A. The increased stability of the calculated structure resulting from cation B is mainly due to an intramolecular bifurcated H-bond established between the carbonyl oxygen atom of amide linkage and the guanidyl group
. On the other hand, the structure resulting from the optimization of cation A appears to be stabilized just by some bond torsions, namely by adopting a conformation in which the aromatic ring is twisted by ∼60 o relative to the starting structure present in the crystal [see Table S1 for root mean square deviation (RMSD) and maximum/minimum deviations from experiment]: (i) the results can be clustered into two groups, which are related with the participation or not of a hydrogen atom in the bond; (ii) most of the calculated bonds are predicted to be longer than the experimental ones; (iii) the trends underlying items (i) and (ii) are consistently predicted by the three theoretical models here considered; (iv) these global patterns are commonly applicable to both conformers, A and B. As anticipated, the computed CH and NH bond lengths are substantially longer than the experimental values. The maximum deviation from experiment of 0.170 Å is predicted by the solid-state model in the case of NH imine bond for both conformers A and B. In terms of RMSD values, these are within a small range (from 0.140 to 0.143 Å) considering all theoretical models under comparison [see Table S1 in the SI (Ref. 18) ]. These results are in clear contrast with those for bonds involving only heavy atoms, whose bond length differences from experimental data are much less pronounced (one order of magnitude less). The worst predictions correspond to a difference of 0.047 Å for the C7N9 bond in conformer A, obtained from model M.I, and of 0.054 for the C10C17 bond in conformer B, computed from model M.III [see Table S1 in the SI (Ref. 18) ]. The RMSD value of 0.024 Å across all models found in the case of conformer A appeared to be slightly worsened in the conformer B (RMSD of 0.028 Å).
It is worth mentioning the remarkable agreement between the results obtained from solid-state model and those from the models whose computations were performed in vacuo. This shows that the incorporation of environmental interactions in the model does not significantly changes the computed bond lengths. The observed consistency across the models and its quite acceptable performance in describing the experimental bond lengths between heavy atoms should also be highlighted.
In the case of valence angles, whether involving hydrogen atoms or not, the RMSD and maximum deviation from experimental are comparable among the three models [see Fig. 5 and Table S1 in the SI (Ref. 18) ]. Again, the agreement between calculated and experimental data is within relatively narrow limits, with a maximum deviation of 7.2 o for the O18C19C20 angle in conformer A, predicted from model M.III (it should be reminded that an average position over the two sites of the ethyl group found in the x-ray analysis was considered) and a RMSD of only 1.8 o as the worst case. The performance of model M.III in the case of cation B is similar to that for cation A. The models performed in vacuo are as accurate as its solid-state counterpart in bond angle predictions, which is a noticeable result taking into account the different conformation adopted by the isolated BAEEH + or its water complex after the respective optimizations in vacuo.
As it can be seen from Fig. 5 [see also This structural analysis has revealed that for the system under study the resort to the solid-state scheme (model M.III) provides only a marginal enhancement in predicting bond lengths and valence angles. Torsion angles are the geometrical parameter which better reflects the stabilizing attributes of the crystal packing organization with respect to molecular conformers. Not surprisingly, the largest deviations from experimental values were justly observed for dihedral angles, revealing in this way the effect of the optimizations performed in vacuo. Despite this relevant feature, globally the models M.I and/or M.II appeared to be a good alternative to the solid state-model, with the advantage of being considerably less demanding (mainly the simplest model) in terms of computational resources. For other theoretical issues analyzed in this study, such as the influence of the basis set (double versus triple zeta Gaussian type basis sets) or the DFT functional (generalized gradient approximation BLYP versus hybrid B3LYP functionals), 19 see Table S2 in the SI (Ref. 18 ). To conclude this analysis, it appeared that the favorable attributes and the great potential of the solid-state models under PBC in describing crystalline solids were made less evident in the particular system here studied. The theoretical investigation with the less demanding model M.I or even the model M.II accomplished with the B3LYP/6-31++G(d,p) was shown to be a good compromise.
B. Infrared and Raman spectra of BAEEH
+ · Cl − crystal (room temperature) Figure 6 shows the experimental FT-IR and Raman spectra of solid BAEEH+ · Cl− recorded at room temperature. Also presented in Fig. 6 are the B3LYP/6-31++G(d,p) simulated IR and Raman spectra of models M.I and M.II. 
Figure 6 includes also the frequencies computed from CPMD code (which does not provide intensities).
A first look to the results shown in Fig. 6 suggests a quite reasonable agreement between the experimental and the calculated spectroscopic data, with the exception of the band broadness actually observed in the NH stretching region in the IR spectrum. A closer analysis confirmed the general competency of the theoretical approach, being interesting to notice the fairly good performance achieved by the simplest model here used (model M.I) in predicting most of the experimental spectral features, and thus its usefulness in supporting most of the spectral assignments. There are some foreknown exceptions, such as its inadequacy to accurately reproduce experimental intensities, as well as its lacking in describing the red/blue shifts of stretching/bending modes due to moieties participating in H-bond interactions. The latter deficiency appears somewhat mitigated in the case of model M.II, which, although in a simplified way, accounts for such type of interactions. The influence of the water H-bonds (model M.II) has led to the interchange of the order of frequencies of some vibrational modes, whereas most of skeleton modes and those related with moieties not involved in intermolecular interactions appeared at quite similar frequencies in both M.I and M.II models.
The simulated spectra from the M.I or M.II models are much easier to interpret when compared with the outcome of the solid-state calculations based on model M.III. The latter is rather complicated by the Davydov splitting (factor-group splitting) of the vibrational modes according to the Z = 4 crystal cell, and at the same time by a considerable mixing of some modes in certain wavenumber ranges. On the other hand, the inability of the CPMD code to calculate IR intensities precludes every potential of model M.III to be fully explored within this context. Despite such drawback, the results of the solid-state calculations have shown to be a valuable complementary approach, which gathered with the calculated spectra from models M.I or M.II gives consistency to the IR spectroscopic analysis of the title compound.
Crossing the data from both experimental and computed sources, together with the support of reported vibrational spectra of similar compounds (in particular of the most characteristic vibrational bands of the guanidinium, carboxylic ester, amide, and benzene moieties), made possible plausible vibrational attributions to be done. Below a short discussion of the assignments made for the vibrations of the structurally most relevant groups in BAEEH + · Cl − , i.e., those participating in H-bond interactions in the crystal (guanidinium, carboxylic ethyl ester, and amide moieties) is presented. A detailed discussion of the spectral assignments of bands due to the remaining molecular fragments (phenyl group and carbon chain) is presented in SI (Ref. 18).
Guanidinium moiety, -N + H=C(NH 2 ) 2
According to the x-ray data, the -NH 2 groups are involved in two major types of intermolecular H-bonds, one established with the carbonyl (ester and amide) oxygen atom, and the other with the counterion (Cl − ). Thus, the stretching and bending vibrations of these groups may be used to investigate the N-H · · · O Carbonyl(Ester/Amide) and N-H · · · Cl − hydrogen-bonds. The four expected νNH 2 stretching vibrations give rise to the IR bands at 3435 (νNH 2 asymmetric; band A in Fig. 6 ) and 3252/3202 cm −1 (νNH 2 symmetric; band C), the two νNH 2 as modes contributing to the single observed band assigned to this type of vibrations. The stretching vibration of the imine group, on the other hand, is assigned to the broad intense band, with main maximum at 3346 cm −1 (band B). The broad structured profile observed in the N-H stretching region of the spectrum is a well-known characteristic of the spectra of zwitterionic or cationic forms of amino acids 20 and a consequence of the H-bond interactions, as well as Fermi resonance interactions with low energy vibrations.
It would be of interest to compare the observed spectrum for BAEEH + · Cl − in this spectral region with those of other compounds bearing guanidinium group, in the crystalline state, in order to obtain information on the Hbonding. The N-H stretching vibrations of guanidinium cations have been observed in spectra of guanidinium complexes in a wide range of wavenumbers. However, it can be stated that the guanidinium moiety in BAEEH + · Cl − is involved in stronger H-bonds than those present in most of the previously studied guanidinium salts (for example, the N-H stretching vibrations in NO The frequencies for NH 2 vibrational modes for the isolated molecule are predicted at 3603 and 3599 cm −1 (asymmetric modes), and at 3485 and 3480 cm −1 (symmetric), whereas the imine stretching mode is predicted at 3494 cm
with smaller IR intensity. The significant overestimation of the frequencies of these vibrational modes is an expected consequence of the weakness of the model M.I for not accounting for the actual intermolecular interactions existing in the crystal. As previously explained, this limitation was addressed by two different approaches. The calculations based on the model M.II significantly red-shifted the NH stretching modes [variable, depending on the geometries of the simulated Hbonds: 119 cm −1 for νNH 2 as., 78 cm −1 for νNH 2 as, 274 cm −1 for νNH, 132 cm −1 for νNH 2 s., and 77 cm −1 for νNH 2 s.; as. and s. represent antisymmetric and symmetric modes, respectively; see Tables S3 and S4 in the SI (Ref. 18) ], thus predicting these modes within a spectral range more close to the experimental one [see Table S5 in the SI (Ref. 18) ]. Being also red-shifted under the solid-state simulation (model M.III), the NH frequencies are, in addiction, predicted to be split over different ranges, depending on the specific mode. The splitting of the νNH 2 asymmetric mode occurs over the largest range of ca. 191 cm −1 (considering both conformers A and B), whereas the range for the νNH Imine mode is more modest (40 cm −1 ) [see Table S5 in the SI (Ref. 18) ]. The deformation vibrations of the -NH 2 group should be observed in the region between 1650-1550 cm −1 (inplane bending modes, δ) and in the region 1150-1100 cm −1 (rocking modes, ρ). Each -NH 2 group of guanidinium moiety also has a wagging (ω) and torsional (τ ) mode, which are expected to lie below 800 cm −1 . frequency peaks are predicted (model M.I) with quite high intensity (both ∼523 km mol −1 ), the peak at 1598 cm
with a medium intensity (131 km mol −1 ) and the lower frequency peak with low intensity (4 km mol −1 ). These modes are predicted by model M.III to be scattered over the 1653-1585 cm −1 range. In the experimental IR spectrum, the strong and quite broad band whose maximum is at ∼1640 cm −1 , and those bands at ∼1615 and 1565 cm −1 (band I) are then assigned to modes with significant contribution from the NH 2 bending coordinate.
Bands due to the ρNH 2 vibrations of the guanidinium group are predicted by model M.I to appear in the 1110-1025 cm and the Raman bands at 1109/1100 and 1062 cm −1 were then assigned to the rocking modes of the -NH 2 groups (band M).
Carboxylic ethyl ester moiety, -COOCH 2 CH 3
All esters have strong characteristic IR bands due to the C=O and C-O-C asymmetric stretching vibrations. 26 For saturated aliphatic esters, the C=O stretching vibration absorbs at ∼1750-1725 cm −1 , whereas the νC-O-C asymmetric and symmetric vibrations are usually observed around 1200 and 850 cm −1 , respectively. 27 In the IR spectrum of BAEEH + · Cl − , the C=O stretching vibration is observed at 1734 cm −1 (band G) and the bands due to the C-O-C asymmetric stretching vibrations at 1218 and 1200 cm 
Amide moiety, -C(=O)NH-
Formamide, H-C(=O)NH 2 , is the simplest molecule containing an amide moiety. The structure and spectroscopic properties of formamide have been studied in inert gas matrices by Räsänen. 28, 29 The interactions of formamide with hydrogen fluoride have been studied using matrix isolation spectroscopy and ab initio methods. 30 Since in the BAEEH + · Cl − crystal the N-H is establishing intermolecular H-bond with the chloride anion, that study appeared relevant to shed some insight into the proposed vibrational assignments. Miyazawa 31 and Suzuki 32 studied the IR spectra of formamide in the liquid state, and Itoh et al. 33 in the crystalline state at various temperatures.
The modes involving the atoms of the OCN subunit show a great deal of mixing (this could be confirmed by visual inspection of the calculated vibrational modes, mainly in the case of solid-state simulations) since they incorporate framework atoms of nearly the same mass which are also involved in the additional π -conjugation (O=C-N ↔ − O-C=N + ). Very often, the absorptions in the CO and CN stretching regions are called amide I and amide III bands, respectively. The amide I band can be described as an "asymmetric" stretch, while the amide III band can be described as the "symmetric" counterpart. 34 For simplicity, we are labeling amide I as νC=O and amide III as a mixture of νCN and δNH modes.
The amide group has an H-bond acceptor (C=O) and an H-bond donor (N-H). In fact, in the BAEEH + · Cl − crystal both fragments of the amide group are involved in intermolecular H-bonds. A downward frequency shift is then expected for both C=O and N-H stretching frequencies when compared with isolated species. For example, the C=O stretching vibration of formamide isolated in an Ar matrix (free group) is observed at ∼1745 cm −1 . 28 In the BAEEH + · Cl − crystal, it is observed at ∼1690 cm −1 (band H) in both IR and Raman spectra (being a very weak band in the Raman spectrum). The IR band due to the amide NH stretching vibration is observed in the BAEEH are then assigned to the CN stretching and NH bending modes (band K). These vibrations give rise to the weak Raman bands at 1540 and 1476 cm −1 (band K). In order to investigate the vibrational characteristics of CN bonds of different order, NCCN, ethylenediamine, and s-triazine derivatives have been investigated by Kordesch et al. 35 They found for the single, double and triple CN bond stretch frequencies ∼1050, 1535, and 1900 cm −1 , respectively. Thus, one can say that the CN bond in BAEEH + · Cl − crystal has a large degree of double bond character.
The band due to the amide N-H out-of-plane bending is predicted to appear at ∼585 cm −1 with a medium IR intensity. This is a typical wavenumber for the bands due to the nonhydrogen-bonded N-H out-of-plane bending vibrations in secondary amides, RCONHR . 36 In BAEEH + · Cl − crystal, the N-H group is establishing an intermolecular H-bond with a chlorine ion, which makes the band to be broader and displaces it to higher wavenumbers. In fact, that calculated frequency is blue-shifted to 702 and 661 cm −1 in the case of the model M.II, and spread into the 862-832 cm −1 interval in model M.III (which sounds to be considerably overestimated, even taking into account that no scale factor was used for the simulation results from this model). The N-H out-of-plane bending vibration is here tentatively assigned to the quite broad IR band centered at 708 cm −1 .
IV. CONCLUSION
Crystalline BAEEH + · Cl − , an appropriate PEAs' model compound, was studied by an integrated experimental and theoretical approach.
Single crystals of BAEEH + · Cl − were obtained and their structure was solved by x-ray technique. The BAEEH + · Cl − crystal was found to be monoclinic, space group P2 1 . Two symmetry independent cations, with different conformations, were found in the unit cell. The theoretical structural parameters (bond lengths and valence angles) were predicted by using three distinct models (in vacuo and solid-state) and it was found an overall remarkable agreement among these structural parameters as predicted by the developed models and between these and the experimental data. Thus, in the case of the title compound, even the simplest model can predict fairly well most of the structural features.
The structural information was then used in the interpretation of the IR and Raman spectra of the substance. The assignment of the spectra of BAEEH + · Cl − was supported by the theoretical calculations and helped by comparison with spectra of similar compounds. 
